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ABSTRACT 
Vegetative cover at eight Colorado River campsites beaches 
wi thin Grand Canyon National Park is compared using aerial 
photographs from 1982 and 1984. Impacts of the 1983 high 
flow in excess of 92,500 cubic feet per second (cfs) is 
quantified using vegetation maps with computer fitted 
digitized data for 51 vascular plant species. Percent change 
from 1984 to 1982 for all sites was reduced by 37%. Five 
masked water zones assess change from 14, 000 cfs to over 
92,500 cfs. Percent plant cover for all sites was reduced by 
56% below 43,000 cfs (for the seven sites with cover at this 
stage), reduced 54% below 65,000 cfs, reduced 49% below 
92,500 cfs, and increased 8% above 92,500 cfs. Flood 
impacts are assessed for indicator plant species of three, 
riparian plant communities: old high water zone (Prosoois 
glandulosa [Western Honey Mesquite] and Acacia greggii [Cat-
claw] ), beach zone (four perennial bunch grasses), and new 
riparian zone (Tamarix chinensis (Saltcedar], Salix exigua 
[Coyote Willow], and Tessaria sericea [Arrowweed]). Below 
the 92,500 cfs flood peak, cover of the old high water 
species increased 18%, while the beach species decreased 89%, 
and the riparian species decreased by 37%. Damage to plant 
cover by the 1983 flood event was determined by interrelated 
factors. within the immediate environment, i.e., site 
orientation to the river channel, type of plant colonization, 
flow dynamics, and distance downriver from Glen Canyon Dam. 
Above the 92,500 cfs shoreline, all the plant community 
indicator species increased cover: the old high water species 
increased 33~, the beach species increased 19%, and the 
riparian species increased 20%. Plant cover increased above 
the flood zone most likely due to root watering and nutrients 
transported by high flows. Generally, vegetative succession 
was set back a decade or more, but recolonization will be 
rapid due to vegetative growth of clonal species and germina-
tion of the seeds of scattered flood survivors. Five 
alternative flow scenarios and two additional (high and low) 
flow regimes are reviewed and discussed. Controlled minimum-
maximum releases will create conditions favorable to 
establishment of new riparian and beach communities. High 
flows will preserve the old high water community, thin growth 
of beach and riparian plants, and redeposit entrained river 
bed sediments upon beach terraces. Low flows will limit 
growth but are unlikely to cause community shifts. 
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INTRODUCTION 
At 0400 hours on June 29, 1983, a flood peak greater than 90,000 
cubic feet per second (cfs) was recor~ed by the gaging station 
above Bright Angel Creek1 . This volume, nearly eight times the 
median Glen Canyon Dam discharge, had not flowed through Grand 
Canyon in over twenty years. The receding flood waters revealed 
an altered riverine environment. 
Prior to completion of Glen Canyon Dam in 1963, the floodwater 
had a mean annual flow of 86,000 cfs (Dolan et ale 1974). Normal 
post-dam discharges have ranged between 1,000 to 31,500 cfs 
(personal communication, Bureau of Reclamation 1983) with a 
median discharge of 12,200 cfs (Dolan et ale 1974). Unusual 
brief releases of 55,700 cfs and 49,000 cfs were discharged in 
_1965 and 1980 respectively. 
The unprecedented 1983 high flows coursed through Grand Canyon 
for 70 days from June 3 to August 11 (Graph 1). Water exited 
Glen Canyon pam from generator turbines, two spillway tunnels, 
and four hollow jet valves. Discharge ranged from 38,000 to over 
90,000 cfs. --Flows exceeding 40,000 cfs inundated alluvial 
terraces (colloquially termed beaches) to various degrees with 
most beaches submerged at the highest flow (Brian and Thomas 
1984). Vegetation located below the 90,000 cfs inundation line 
was either removed, buried, damaged; killed in situ, or unharmed. 
Alluvial sediments were actively reworked on site, transported 
and redeposite~ downstream, or removed from the system to Lake 
Mead. Beach profiles were altered (Beus et ale 1984). 
OBJECTIVE 
The Glen Canyon Environmental Studies (GCES) is an interagency 
effort to study the relationship between flow regimes and the 
existing environmental and recreational resources of Grand 
Canyon. This report, one of the biological studies, assesses 
impact of the 1983 high water. It presents comparisons of 1982 
(pre-1983 flood) vegetation maps with 1984 (post-1983 flood) 
vegetation maps drawn from aerial photography of eight campsite 
beaches. 
Terrestrial habitat change is quantified by the change in 
IThe u.s. Geological Survey maintains an automatic 
streamflow Data Collection Platform termed Grand Canyon, 1/4 mile 
above Bright Angel Creek, 87.6 river miles downstream from Lee's 
Ferry. 
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Graph 1. Flow at Grand Canyon (River Mile 87.6) gaging station 
from June 3 to August 11, 1983 at 1200 hours (noon) from SSARR 
streamflow routing model (Bureau of Reclamation, Durango Projects 
Office 1984). 
2 
vascular plant canopies within eight study plots2 (Figure 1). 
Canopy change below five documented water levels (14, 000 to over 
90, 000 cfs) and above the 1983 flood shoreline is also presented. 
The study sites are referenced (Table 1) by site location, river 
mile below Lee's Ferry and Glen Canyon Dam, and major study 
segment. The major study segments are river reaches along the 
Colorado River utilized by the GCES: Reach I: Glen Canyon Dam 
to Lee's Ferry ( 15 river miles) , Reach II: Lee's Ferry to Little 
Colorado River (River Mile [RM3] a to 61), Reach III: Little 
Colorado River to Phantom Ranch (RM 61 to 87.7) i Reach IV: 
Phantom Ranch to National Canyon (RM 87 . 7 to 166.5) , and Reach V: 
National Canyon to Diamond Creek (RM 166.5 to 225.7). 
METHODS 
Vegetation maps drawn from the 1982 and 1984 aerial photographs 
are used to compare and assess the impacts of the 1983 high 
flows. The sites were selected by the National Park Service 
(NPS) from a 1980-1982 Colorado River beach monitoring program 
undertaken by the MuseUm .of Northern Arizona (MNA) and the NPS 
(Johnson et ale 1983). site descriptions are outline iri the 
beach monitoring final report. 
All original data (photographic negatives, prints, and enlarge-
ments; original vegetation field maps; computer printouts and 
optronics images 4 ; and computer digitization data files written 
to magnetic tape (Appendix I) are filed with the GCES office. 
Methods used in this report are discussed in the . following 
sections: aerial photography, 1982 vegetation maps, 1984 
vegetation maps, computer analysis, and water zones. 
2The two adjacent Nankoweap sub-plots 
downstream) are treated here as separate plots: 
Nankoweap II, resp~ctively. 
(upstream and 
Nankoweap I and 
3River Mile (RM) indicates mileage downstream from Lee's 
Ferry as mapped by Belknap (1969). 
4optronics defines an image where pixels (or picture 
elements) of assigned densities from 1 to 255 (white to black) 
are photographically written to film. Densities can be "read" by 
computer or viewed under magnification. 
3 
~able 1. Eight Colorado River study sites by location, river 
mile below Lee's Ferry and Glen Canyon Dam, and ~ajor study 
segment. River reaches are defined as: Reach I=Glen Canyon Dam 
~o Lee's Ferry, Reach II~Lee's Ferry to Little Colorado River, 
Reach III-~ittle Colorado River to Phantom Ranch, Reach IV~Phan­
tom Ranch to National Canyon, and Reach VaNational Canyon to 
Diamond Creek. 
Study Site 
Saddle 
~ankoweap I 
~ankoweap II 
Awatubi 
Sass 
Forster 
~va I 
Lava II 
NORTH 
-Diamond Creek 
Site Location River Mile 
below Lee's 
Fer:y 
Saddle Canyon 47.2 
Nankoweap 53.0 
(upstream site) 
Nankoweap 53.0 
(downstream site) 
Awatubi Canyon 58.2 
Bass Camp 108.2 
Forster Canyon 122.6 
6 Miles below 185.3 
Lava Falls 
6 Miles below 185.4 
Lava Falls 
River Mile 
below Glen 
Canyon Dam 
62.2 
68.0 
68.0 
73.2 
123.3 
137.6 
200.3 
200.4 
Major Study 
Segment 
Reach II 
Reach II 
Reach II 
Reach II 
Reach IV 
Reach IV 
Reach 7 
Reach ~l 
Lee s 
Kanab Creek 
FORSTER-
" 
Havasu Creek 
Phantom Ranch 
Grand Canyon 
Gaging Station 
I , II 
Little Colorado River 
Figure 1. Map of the Colorado Riv.er through Grand Canyon 
National Park with location o~ the study sites (bold print, scale 
1:1,000,000). 
4 
Aerial Photography 
Black and white aerial photographs of the eight study sites were 
taken by a T-12 selected planagon camera (calibrated focal length 
of 151.56 millimeter [rom]) mounted in a fixed-wing aircraft from 
an average height of 150 meters (m) (500 feet [ft]) above the 
site. Portions of the 9.5 inch negative were enlarged by a 
factor of four to an average scale of 1:250 and printed with a 
glossy finish for visual acuity. False color infrared photo-
graphs taken by a wild Falconar camera (70 rom lens) were used to 
define shaded canopies. The pre-high flow photos were taken 
November 1982 and the post-high flow photos were taken May 1984. 
The sites were photographed between 1000 and 1400 hours during a 
"photographic day", i.e., less than 10% cloud cover. 
1982 Vegetation Maps 
The original MNA 1982 vegetation maps were discarded and only the 
final, reduced artist's copy from the final report is extant. 
These maps (Appendix II, Johnson et ale 1983) were redigitized 
for this study. The digitized data from the MNA report is not 
used as canopy figures were presented in square inches of the 
digitizer table (not actual or field metric units) and cover was 
only calculated for half (n=25) of the species identified at the 
eight sites. 
1984 Vegetation Maps 
The 1984 vegetation maps were field checked during June, October, 
and December 1984. Prior to field work the maps were prepared by 
pencil outlining the plant canopy on polyester drafting film or 
mylar (0.003 inch thick, matted on one side). In the filed, the 
canopy of each plant or combination of plants was checked (and 
corrected if necessary) , then identified by a number. Scientific 
and common names as well as identification numbers of the species 
are shown in Table 2. 
None of the plants are listed or proposed for federal protection 
as a threatened or endangered species. The species are common 
inhabitants of Southwestern riparian ecosystems. The riparian 
plant communities in Grand Canyon belong to two major biogeo-
graphic provinces (Brown 1982). The communities above the Little 
Colorado River (Reaches I and II) are placed in the Great Basin 
Province, while those below the Little Colorado River (Reaches 
III to V) are placed in the Mohavian Province. Further digitiza-
tion of the natural hierarchies (Brown et ale 1979) places 
Reaches I and II in the Great Basin Riparian Scrub of the Cold 
Temperate Riparian Scrub of the Swampscrub Formation typified by 
the willow and Sal tcedar Disclimax Series. Reaches III to V are 
5 
Table 2. Species by identification number (density), Museum of 
N,orthern Arizona (MNA) code, scientific name, and common name. 
II NCN II indicates plants without common names. Taxonomy for 
vascular plants follows Lehr (1978) and Lehr and Pinkava (1980, 
1982). 
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SCIENTIFIC NAME 
Trixis californica 
Atriplex canescens 
Baccharis emoryi 
B. salicifolia 
B. brachyphylla 
B. sarothroides 
Brickellia longifolia 
Peucephyllum schottii 
Tessaria sericea 
Ephedra nevadensis 
Larrea divaricata 
Acacia greggii 
Prosopis glandulosa 
var. torreyana 
Salix exigua 
S. goodingii 
Tamarix chinensis 
Abronia elliptica 
Alhagi camelorum 
Aristida parishii 
Aster spinosus 
Bebbia juncea 
Chrysothamnus nauseosus 
Conyza canadensis 
Cynodon dactylon 
Datura meteloides 
Encelia farinosa 
Ferocactus acanthodes 
Gnaphalium wrightii 
Gutierrezia microcephala 
G. sarothrae 
Haplopappus acradenius 
Lepidium montanum 
Opuntia basilaris 
O. phaeacantha 
Oryzopsis hymenoides 
Sprobolus spp.: 
contractus 
cryptandrus 
flexuosus 
giganteus 
Stanleya pinnata 
Stephanomeria pauciflora 
6 
COMMON NAME 
NCN 
Narrow-leaved Wingscale 
.Emory Baccharis 
Seep willow 
Short-leaved Baccharis 
Desert Broom 
Long-leaved Brickellia 
Desert Fir 
Arrowweed 
Nevada Joint-fir 
Creosote Bush 
Catclaw 
Western Honey Mesquite 
Coyote willow 
Gooding willow 
Saltcedar or Tamarisk 
Sand Verbena 
Camel Thorn 
Three Awn 
Mexican Devil Weed 
Sweet bush 
Rabbit Brush 
Horseweed 
Bermuda Grass 
Sacred Datura 
Brittle Bush 
Barrel Cactus 
Cudweed 
Three Leaf Snakeweed 
Broom Snakeweed 
Alkali Goldenbush 
Pepper Grass 
Yellow Beavertail 
Engelmann Prickly Pear 
Indian Ricegrass 
Drop Seed 
Prince's Plume 
Desert Straw 
-. .. - - .....;~,. . ,; - ---- .,-_. ' - ' --.-- :'.- .. . :. _ . . .. _ ••• _ _ • • 1 _ " __ _ _ • __ _ " •• _ .. ;.. :;,. •• ,\.". _ . . ..... . ....:. . 
Table 2. continued. 
NO. MNA SCIENTIFIC NAME COMMON NAME 
7 J Artemisia ludoviciana Wormwood 
49 AH Melilotus officinalis Yellow sweet Clover 
50 U Xylorhiza tortifolia Mohave Aster 
51 Z Andropogon glomeratus Bushy Beardgrass 
52 Q Haplopappus spinulosus Spiny Goldenbush 
53 XX Artemisia dracunculoides Dragon Sage 
54 F opuntia erinacea Mohave Prickly Pear 
55 C Echinocerus engelmannii Hedgehog Cactus 
56 RR Mirabilis bigelovii Wishbone Bush 
57 AB Mammalaria spp. Fishhook Cactus 
58 S Porophyllum gracile Odora 
59 AK Oicoria canescens Desert Dicoria 
61 PP Sphaeralcea grossulariaefolia NCN 
66 AC Typha spp. Cat-Tail 
74 TT Oenothera pallida Evening Primrose 
79 F Opuntia erinacea Mohave Prickly Pear 
80 AB Mammalaria spp. - Fishhook Cactus 
Combinations of Plants (see common names above): 
60 P,JJ, YY Haplopappus acradenius, Alhagi camelorum, 
62 
63 
64 
65 
67 
68 
69 
70 
71 
72 
73 
75 
76 
77 
78 
81 
82 
83 
84 
85 
86 
87 
88 
255 
21,X,YY 
21,X 
21,AC 
21,DO 
21,X,DD 
24,X 
pp,yy 
43,44 
21,P 
24,P 
21,24 
TT,AK 
AK,AL 
21,24,X 
6,11,RR 
17,38 
17,44 
21,38 
21,44 
21,43 
21,51 
24,40 
24,38 
(NONE) 
Sporobolus spp, 
Salix exigua, Equisetum spp., Sporobolus spp. 
Salix exigua, Equisetum spp. 
Salix exigua, Typha spp. 
Salix exigua, Muhlenbergia asperifolia 
Salix exigua, Equisetum spp, Muhlenbergia 
asperifolia 
Tamarix chinensis & Equisetum spp. 
Sphaeralcea grossulariaefolia, Sporobolus spp. 
Oryzopsis hymenoides, Sporobolus spp. 
Salix exigua, Haplopappus acradenius 
Tamarix chinensis, Haplopappus acradenius 
Salix exigua, Tamarix chinensis 
Oenothera pallida, Dicoria canescens 
Oicoria canescens, Salsola iberica 
Salix exigua, Tamarix chinensis, Equisetum sp. 
Baccharis brachyphylla, Ephedra nevadensis, 
Acourtia wrightii 
Prosopis glandulosa, Gutierrezia sarothrae 
Prosopis glandulosa, Sporobolus spp. 
Salix exigua, Gutierrezia sarothrae 
Salix exigua, Sprobolus spp. 
Salix exigua, oryzopsis hymenoides 
Salix exigua, Andropogon glomeratus 
Tamarix chinensis, Lepidium montanum 
Tamarix chinensis, Gutierrezia sarothrae 
Non-vegetated area of sand, rock, boulders 
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placed in the Mohave Desertscrub of the Warm Temperate Desert-
lands of the Desertlands Formation typified by the Mesquite and 
Catclaw Series. 
A total of 51 species were identified with 24 combinations of 
two or more species (indicated double or triple overlapping 
cover) and three designations at the generic "species" (plural) 
rank. Annual plants which had germinated and grown since the 
date of photography were not included in the 1984 vegetation maps 
as error would be introduced with subjective outlining. Open 
areas devoid of vegetative cover (sand, boulder, rock, etc.) were 
also identified. 
computer Analysis 
The 1982 and 1984 vegetation maps were digitized by the author 
using computer facilities located at the U. S. Geological Survey 
(USGS) Flagstaff Field Office, Information Service Division. 
Canopy outlines were digitized on an Altec Digitizer (with an 
accuracy of 0.001 centimeters [cm]) coupled to a Digital 
Equipment Corporation PDP 11-44 computer and checked for accuracy 
on a CalComp 925/748 Graphic Controller ·System and Plotter. A 
variety of programs manipulated the data files to calculate the 
area of each species or combination of species. Only the sum of 
the species area was calculated, not the area of individual 
plants5 . 
The area of investigation is limited to the vegetation within 
the 1982 study plot boundaries as plants outside were not 
identified by the MNA report. In some cases, this is unfor-
tunate as the plot does not include the post-dam shoreline. 
Preliminary plot boundaries were identified using adjacent rock 
or plant landmarks. Both photo vintages were scaled by averaging 
three nearly horizontal distances located within the plot, 
dividing the field distance by the photo distance, and adjusting 
the metric units. The final 1982 MNA vegetation maps were 
computer fitted to the 1984 vegetation maps, thus correcting for 
any differences due to the vertical or horizontal plane of 
symmetry of the camera. 
The 1982 plot dimensioI)s are not perfect rectangles. The 
corners were not surveyed but located in the field by tape 
measurement, then drawn on the initial 1980 MNA vegetation maps. 
5Individual plant canopies may be derived from the original 
filled in optronics images by summing the individual pixels 
wi thin the canopy boundary. To have identified and matched 
individual plants in the 1982 and 1984 photo vintages by computer 
would have required extensive renumbering and computing. 
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In most sites, the plot is a simple quadrilateral, whereas one 
site (Forster) is pentagonal in shape. 
To compute area, the PDP 11-44 digitizer program assumes 
rectangular coordinates. To meet this requirement, each of the 
1984 plot dimensions were derived by multiplying the map scale by 
the map measurement. For example, at the Saddle site, the scale 
(1:313) multiplied by the top map length (37.7 cm) equals 101.1 
m. Table 3 shows the actual measurements of the eignt study 
plots. To achieve rectangular coordinates, the 1984 lengths (top 
and bottom) and widths (right and left) are averaged. The 
horizontal "X" or length coordinates are termed number of 
samples, while the "Y" or width coordinates are termed number of 
lines. 
The resolution of the 1982 and 1984 maps is set at a square 
pixel (picture element) of 1/8 square meter (12.5 square cm). 
This resolution was chosen to allow a plant with a diameter of 24 
cm (resolution chosen by the MNA and NPS beach monitoring 
program. Thus, a plant with a canopy composed of eight pixels 
has a cover of one square meter. A map with a length of 100 m 
has 800 samples (or pixels) along the "X" axis, while a width of 
50 meters has 400 lines (or pixels) along the "Y" axis. As the 
digitizer program accepts only rectangular coordinates, the top 
and bottom dimensions were averaged. 
The computer digitization program initially identified a boundary 
(always at a density or .assigned value of "1"), a plant species 
identification (density values of "2" to "88" in this report) , 
and non-vegetated area (density value of "255"). A data 
manipulation program combines the digitized data file(s) for a 
site and converts it to an image file. The image file is then 
filled in with pixels of the specified density. Borders ("l") 
are equally absorbed into the adjoining plant or non-vegetated 
a:::-eas so that there is no area for 'the borde!:' in the final ta l. ly. 
In summary, the area of a particular species is calculated by 
summing the number of pixels contained within the boundary of the 
polygons representing the canopy outline. A histogram is 
produced listing the percent cover and frequency (sum of pixels) 
for each species. 
Water Zones 
In addition to the plot and species boundaries, water levels or 
stages were identified within the study areas (Table 4). The 
November 1982 and May 1984 aerial photos document the 14, 000 cfs 
and 43,000 cfs levels respectively. The author documented the 
61,300 to 70,400 cfs levels during June 18-26, 1983. The high 
flow water line was added during the 1984 field check. The 
"shoreline" created by the flood crest was evidenced by dead 
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Table 3 . Aerial photographic scales for the 1982 and 1984 
vintages with the the approximate plot dimensions (meters), 
pixel sums (one pixel equals 1/8 square meter), and actual 
square meters. 
study site I Aerial Photo Scale 
____________ 1 1982 1984 
Saddle 
Nankoweap I 
Nankoweap II 
Awatubi 
Bass 
Forster 
Lava I 
Lava_ II 
Study site 
Saddle 
Nankoweap I 
Nankoweap II 
Awatubi 
Bass 
Forster 
Lava I 
Lava II 
1:265 
1:331 
1:331 
1:250 
1:267 
1:216 
1:218 
1:224 
1:313 
1:283 
1:283 
1:273 
1:305 
1:280 
1:278 
1:250 
Number of Pixels 
"Y" "X" 
432 792 
210 874 
208 860 
720 376 
352 714 
400 808 
442 634 
208 780 
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I Approximate Plot Dimmensions 
1 Top Right River Left 
101.1 54.0 97.0 54.1 
113.1 26.2 105.0 26.2 
107.0 26.0 108.0 26.2 
49.3 88.2 44.1 91.3 
89.2 44.2 89.2 44.0 
51.5, 49.0 101.0 45.8 
53.2 
54.4 79.3 55.4 79.3 
97.3 25.7 97.4 26.0 
Sum of Pixels 
342,144 
183,540 
178,880 
270,720 
251,328 
323,200 
280,228 
162,240 
Square 
Meters 
5,346 
2,868 
2,795 
4,230 
3,927 
5,050 
4,379 
2,535 
_ ... . • • . • • - _ .• . ' •• _ . . - • • _';'~~., . _ ... :..,...,.. J- -•• 
Table 4. List of the approximate water level by date (month/day) 
of photography or field observation by year for study site in 
cubic feet per second (cfs). n*" indicates flow outside of plot 
boundary. Average flow per water zone also indicated. 
study 
site 
Saddle 
DATE OF PHOTOGRAPHY OR FIELD OBSERVATION AT 1200 HOURS 
1982 
Date CFS 
11/1 * 
1983 
Date CFS Date CFS 
1984 
Date CFS 
6/18 61,300 6/29 92,500 5/8 
* 
Nankoweap 11/1 13,900 6/19 61,300 6/29 92,500 5/8 43,400 
I & II 
Awatubi 
Bass 
11/1 14,800 6/19 61,400 6/29 92,500 5/8 43,400 
11/1 13,600 6/22 62,300 6/29 92,500 5/8 42,400 
Forster 11/3 
* 
6/23 67,300 6/29 92,500 5/11 41,500 
Lava I&II 11/1 
* 
6/26 70,400 6/29 92,5005/9 43,300 
Average Flow 14,000 65,000 92,500 43,000 
Water Zone A C D & E B 
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plants, driftwood, or an escarpment. This line, though dimin-
ished through time by weather, mass wasting, plant growth, and 
other factors, was visible during the 1984 field work. 
The approximate water stage was derived using the stream 
Synthesis and Reservoir Regulation (SSARR) streamflow routing 
model developed by the u.s. Army Corps of Engineers, Portland, 
Oregon. The SSARR model was calibrated for use in Grand Canyon 
by the Bureau of Reclamation, Durango Projects Office in 1980. 
The model is used to predict water stage at 11 sites below Glen 
Canyon Dam. Created before the 1983 flood, the mod~l is 
calibrated to a high of 40,000 cfs. The actual discharge from 
the dam routed through the model does not include input from 
tributaries. The actual peak of a given daily discharge is not 
recorded at the same level downstream from the dam as some water 
is "lost" due to bank storage and channel fill. The level 
attributed to the flow at a certain time and date is approximate. 
For example, the highest release from Glen Canyon Dam is recorded 
at 93,200 cfs at 2200 hours on June 289, 1983. The SSARR model 
predicts that 9a,500 cfs passed the gaging station above Bright 
Angel Creek at 0800 hours on June 29, 1983. However, the 
automatic gaging station maintained by the USGS registered 96,200 
cfs at 0400 hours on June 29, 1983 (personal communication, 
Eugene Buell, water Resource Division, Flagstaff Field Office, 
U. S. Geological Survey 1984). The difference of almost three to 
four thousand cfs reflects the relative accuracies of the SSARR 
model and gaging station recorders. 
The approximate site water levels are derived using the following 
method. In all cases the time chosen for the day's flow at the 
study sites is 1200 hours (noon). 
1. Identify peak or wave crest at upstream and 
downstream USGS computer station closest to the study 
plot. Determine time needed for crest to travel tha 
distance. 
2. Calculate peak water velocity (Distance = Rate X 
Time) . 
3. Divide distance from study plot to the upstream 
USGS computer station by rate (velocity) to determine ' 
the time the crest took to travel from the upper USGS 
station to the study site. Divide the distance from 
the study plot to the downstream USGS station by rate 
to determine the time the crest took to travel from the 
study site to the lower USGS station. 
4. Subtract the time (hours) from 1200 hours at the 
upstream USGS station. Read the predicted flow for 
12 
that hour. Add the time to 1200 hours at the down-
stream USGS station. Read the predicted flow for that 
hour. 
5. Average two derived flows and round to three 
significant digits. 
Only the approximate water level is obtained using the above 
method. It is assumed that the velocity of the flow reaching 
the study site at 1200 hours is that of the day I s peak or crest. 
The real velocity is actually less. However, the difference in 
flow from the upstream USGS station to the lower USGS station for 
the dates of photography varied by 100 to 500 cfs. The placement 
of water levels on the maps are approximate. The 1983 flood may 
have modified the channel resulting in change in stage for the 
14, 000 cfs line. The 1984 43, 000 cfs water stage may not 
correspond to the same location before, during, or after the 
flood waters receded. A given water flow at a specified date may · 
be represented by a different stage given a change in channel 
depth. 
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RESULTS AND DISCUSSION 
Aerial photographs (Plates 1-7) from the pre- and post-1983 high 
flow event were used to prepa:~L'e vegetation maps. Species cover 
data is compared from 1984 to 1982. Percent cover is discussed 
in three sections which represent differing levels of impact. 
First, total species cover is evaluated by site. Species which 
show the greatest increase and decrease in cover are also 
discussed. Second, individual species cover is reviewed below 
each of the five documented water levels. And third, cover of 
"indicator" or representative species is outline for the three 
riparian communities (old high water, beach, and new riparian 
zones). 
Species Cover Per site 
A comparison of percent difference (percent cover of 1984 minus 
percent cover of 1982) for all species for all study sites (Graph 
2, Table 5) shows a 16% average decrease in plant cover from 1982 
to 1984. By ranking the study sites, the greatest decrease in 
plant cover is found in the Lava I site (-34%), with the least 
loss shown in the Nankoweap II site (-11%). Only the Saddle site 
showed ,an increase of 2% in plant cover. 
A summary of percent change (sum of pixels [frequency] of a 
species in 1984, divided by sum of pixels in 1982, subtracted 
from 1, multiplied by 100) by site (Graph 3, Table 5) is more 
meaningful. sites vary in size, sha'pe, orientation, and height 
above the river channel. Percent change expresses the relative 
change thus equalizing the site to site differences. A summary 
of percent change for each site (Table 6) is derived from the 
percent area and frequency (sum of pixels6) for 1982 and 1984 
(Appendix III). The summaries show a similar ranking from 
greatest to least change with an average 37% decrease in plant 
cover for all sites after the 1983 flood event. 
On a site by site basis, the greatest increase of a species is 
shown in the shrub or small tree Acacia greggii (in Lava II) 
which increased cover by 770% (increasing from 0.5 square meters 
(sq m) to 4.1 sq m), followed by the shrub Encelia farinosa (in 
the Saddle plot) which increased by 316% (increasing from 0.4 sq 
m to 1.6 sq m). The greatest decrease (more than 99%) of a 
species still present after the flood event is shown by the shrub 
Haplopappus acradenius (in Lava II) and grasses Sporobolus spp. 
(in Awatubi) . 
6To determine the actual field measurement of a species in 
square meters, divide the sum of pixels (frequency) by 64. 
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Plate 1. November 1982 (A, scale 1:265) and May 1984 (8, scale 
1:313) aerial photographs of Saddle study site. 
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B 
Plate 2. November 1982 (A, scale 1:313) and May 1984 (B, scale 
1:283) aerial photographs of Nankoweap area, including the up-
stream (at right) and downstream (at left) study sites. 
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Plate 3. November 1982 (A, scale 1:250) and May 1984 
1:273) aerial photographs of Awatubi study site. (B, scale 
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A. 
B. 
Plate 4. November 1982 (A, scale 1:267) and May 1984 
1:305) aerial photographs of the Bass study site. 
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(B, scale 
A. 
B. 
Plate 5. November 1982 (A, scale 1:216) and May 1984 (B, scale 
1:280) aerial photographs of Forster study site. 
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A. 
Plate 6. November 1982 (A, 
1:278) aerial photographs 
scale 
of Lava 
~ :;,,- ~ . __ .".i,' 
. :~~:lt~-: .~',: .~ ... 
1:218) and May 1984 
I study site. 
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Plate 7. November 1982 (A, scale 1:224) and May 1984 (B, scale 
1:250) aerial photographs of Lava II study site. 
21 
a:: 
LU 
> a 
u 
~ 
z 
LU 
U 
a:: 
LU 
0-
.'_" .; __ ... __ . _ _ ~ .... ........ __ 0_- . _ .......... __ ._ .. - ... _ .. 
Graph 2. Histogram of percent cover of plants by study site and 
for all sites for 1982 and 1984. 
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Graph 3. " Histogram of percent change of plant cover by study 
site and for all sites. 
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Table 5. Total area of percent plant cover for all sites by yea~ 
with percent difference and percent change. An increase in Plant 
cover is indicated by a "+" and a decrease is indicated by "_II. 
study site Percent Cover Percent Percent -
1982 1984 Difference Change 
-
Saddle 34.787 36.505 +1.72 +4.9 
Nankoweap I 74.140 54.682 -19.46 -26.2 
Nankoweap II 53.983 41.919 -10.95 -22.3 
Awatubi 37.588 20.587 -17.00 -45.2 
Bass 25.877 14.246 -11.63 -44.9 
Forster 42.511 19.107 -23.40 -55.1 
Lava I 43.678 9.199 -34.48 -78.9 
Lava II 51~187 38.206 -12.98 -25.4 
Aver?lge 43.231 27.170 -16.06 -37.2 
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Table 6. Summary by study site of frequency (sum of pixels), 
field measurments (in square meters), and percent change by water 
zones. "0" indicates loss of a species in 1984 and n*" indicates 
the absence of cover. 
-----------------------------------------------------------------
Study site/ 
Key: 
Zone A 
1982 1984 
Zone B 
1982 1984 
Zone C 
1982 1984 
-----------------------------------------------------------------
SADDLE 
No. of pixels 
square meters 
Percent change 
NANKOWEAP I 
No. of pixels 
square meters 
Percent Change 
NANKOWEAP II 
No. of pixels 
Square meters 
Percent change 
AWATUBI 
No. of pixels 
Square meters 
Percent change 
BASS 
* 
* 
* 
* 
88 2166 
1.4 33.8 
+2361 
73 
1 •. 10 
o 
o 
2511 1247 
39.2 19.5 
-50.3 
No. of pixels 75 
Square meters 1.2 
Percent change 
o 
o 
FORSTER 
No. of pixels * * Square meters 
Percent change 
LAVA I 
No. of pixels 
Square meters 
Percent change 
LAVA II 
~ofpixels 
Square meters 
Percent change 
ALL SITES 
~ of pixels 
Square meters 
Percent change 
* * 
* * 
2747 3413 
42.9 53.3 
+24.2 
* 
* 
* 
* 
123525 87814 
1930.1 1372.1 
-28.9 
64398 43248 
1006.2 675.8 
-32.8 
29766 12637 
465.1 197.5 
-57.5 
16834 813 
263.0 12.7 
-95.2 
46046 4552 
719.5 71.1 
55098 
860.9 
148 
2.3 
-90.1 
o 
o 
o 
o 
335815 149064 
5247.1 2329.1 
-55.6 
25 
15060 10541 
235.3 164.7 
30. O. 
129028 93307 
2016.1 1457.9 
-27.7 
82915 60381 
1295.5 943.5 
-27.2 
68763 27528 
1074.4 430.1 
-60.0 
31281 11582 
488.8 181.0 
-63.0 
106215 31030 
1659.6 484.8 
-70.8 
105841 1547 
1653.8 24.2 
-98.5 
61948 39601 
968.0 618.8 
-36.1 
601051 275517 
9391.4 4305.0 
-54.2 
Table 6. Continued. 
-----------------------------------~-----------------------------
Study site/ 
Key: 
SADDLE 
No. of pixels 
Square meters 
Percent change 
NANKOWEAP I 
No. of pixels 
Square meters 
Percent change 
NANKOWEAP II 
No. of pixels 
Square meters 
Percent change 
AWATUBI 
No. of pixels 
Square meters 
Percent chang.e 
BASS 
No. of pixels 
Square meters 
Percent change 
FORSTER 
No. of pixels 
Square meters 
Percent change 
LAVA I 
~oI pixels 
Square meters 
Percent change 
LAVA II 
No. of pixels 
Square meters 
Percent change 
ALL SITES 
No. of pixels 
Square meters 
Percent change 
Zone D 
1982 1984 
44766 41154 
699.5 643.0 
-8.1 
129028 93307 
2016.1 1457.9 
-27.7 
88701 66937 
1386.0 1045.9 
-24.5 
91168 46166 
1424.5 721.3 
-49.4 
38652 15934 
603.9 249.0 
-58.8 
110293 31581 
1723.3 493.4 
-71.4 
109839 5230 
1716.2 81.7 
-95.2 
68259 45219 
1066.5 847.2 
-33.8 
680706 345528 
10636.0 5398.9 
-49.2 
Zone E 
1982 1984 
74255 83747 
1160.2 1308.5 
+12.8 
7049 7057 
110.1 110.3 
+0.1 
7865 8047 
122.9 125.7 
+2.3 
10589 9566 
165.4 149.4 
-9.7 
26385 19869 
4 1 2 • 3 .3 1 0 • 4 
-24.7 
27103 30172 
423.5 471.4 
+11 .. 3 
12559 20549 
196.2 321.1 
+63.6 
14786 16766 
231.0 262.0 
+13.4 
180591 195773 
2821.7 3059.0 
+8.4 
26 
All Zones 
1982 1984 
119021 124901 
1859.7 1951.6 
+4.9 
136077 100364 
2126.2 1568.2 
-26.2 
96566 74984 
1508.8· 1171.6 
-22.3 
101757 55732 
1590.0 8'70.8 
-45.2 
65037 35803 
1016.2 559.4 
-44.9 
137396 61753 
2146.8 964.9 
-55.1 
122398 25779 
1912.5 402.7 
-78.9 
83045 61985 . 
1297.6 968.5 
-25.4 
861297 541301 
13457.8 8457.8 
-37.2 
When species frequency for all sites is combined, the greatest 
decrease in cover of a species is shown by 29 species which were 
completely removed or killed. The most frequent loss is shown by 
the grass Oryzopsis h~rmenoi~e~ (at four sites) and the shrubs 
Baccharis emoryi and Gutierrezia sarothrae (in three sites each) . 
The greatest increase in percent cover was shown by Abronia 
eliptica (212%) , followed by Opuntia basilaris (97%) , 2..:.. erinacea 
(60%), Trixis californica (23%), Acacia greggii (22%), and 
prosopis glandulosa (17%). Five disturbance colonizer species 
found in 1984 but not present in 1982 were: Conyza canadensis,. 
cynodon dactylon, Datura meteloides, Gnaphalium wrightii, and · _;. 
Dicoria canescens. ~ 
Of those plants still present in 1984, the greatest loss was 
shown by Brickellia longifolia (98%), Opuntia phaecantha (95%) , 
Stanleya pinnata (95%), Alhagi camelorum (90%), Baccharis 
salicifolia (83%), and Salix exigua (71%). 
Nine species were completely removed in the study plots: 
Baccharis emoryii, Salix goodingii, Bebbia juncea, Chrysothamnus 
nauseosus, two species of Artemisia, Andropogon glomeratus,' 
Xylorhiza tortifolia, and Happlopappus spinulosus. 
When the vegetative cover of all sites is summed for the 51 
plant species with single cover, 49% (n=25) decreased cover, 27% 
(n=14) were removed by the 1983 high flows, 14% (n=7) increased 
cover, and 10% (n=5) new to the plots, increased cover. In 
assessing percent change for the 26 plant species combinations of 
two or more plants, 69% (n=18) were removed by the 1983 high 
flows, 15% (n=4) new to the plot increased cover, and 15% (n=4) 
decreased cover. 
Water Zone Masks 
Gross change in pla.ut. covar fro~ 1.98~ 't:::: 1.93 ~ ~::-~~~~'ts 3 li~i ted 
view of the 1983 flood event impacts to plant communities. A 
site with the majority of the plot situated above the 1983 flood 
line will show less change than a site with the majority of the 
area inundated and scoured by the flood waters. Cover change 
from 1982 to 1984 is better viewed by identifying percent change 
below various water levels. To determine the cover of plants of 
non-vegetated area below each documented water level, the water 
lines and zones are overlaid or "masked" on the filled in 
vegetation maps. A separate computer program then produces a 
histogram listing the percent cover and frequency for each 
density or species. 
Four water levels separate each study site into five zones. The 
specific flow dividing one zone from the next varies by site due 
to the date of documentation (Table 4). For site to site 
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comparison, the zones are henceforth identified by the average 
flow: 
Zone A: Below 14,000 cfs 
Zone B: Below 43,000 cfs 
Zone c: Below 65,000 cfs 
Zone D: Below 92,500 cfs 
Zone E: Above 92,500 cfs 
These figures are approximate given the method used to derive 
the estimate. Also, note that each successive flow zone from 
Zone A to Zone D includes the area below it. For example, Zone C 
includes all area below the 65,000 cfs water line. Zone E 
includes all area above the flood shoreline. 
As the topography, placement, and orientation of the eight study 
plots differ, the area occupied by each water zone varies (Table 
7). For example, 93% of Nankoweap I is below the 65,000 cfs 
line, while 72% of Saddle is above the 92,500 cfs flood line. 
However, when the. eight study sites are combined and averaged, a 
greater percentage of the area (40%) is located below the 43,000 
cfs water zone. 
Species Cover Per Water Zone 
A summary of percent cover change by species, study site, and 
water zone (Table 8, Appendix IV) shows the broad spectrum of 
change from 1982 to 1984. Figures for Zones A to D indicate 
response to inundation, submergence, and associated water flow 
dynamics below the 92,500 cfs level, while figures for Zone E 
reflect change above the flood line. Care must be exercised in 
interpreting the change below the flood line. This study does 
not include tests or experiments to prove the cause(s) of a 
species demise, reduction in canopy, or growth. The fate of an 
individual or a species may be determined by myriad factors, 
among them: river reach or proximity to Glen Canyon Dam, age, 
protection afforded by nearby plants or physical structures, stem 
flexibility, root anchoring, woody versus herbaceous nature, 
amount of damage (by water flow, sand abrasion, foraging her-
bivores, boats, river runners, etc.), and burial by redeposited 
sediments. Conditions after the flood event may also affect 
plant growth. Not all individuals of a species may respond 
similarly. One cannot surmise with confidence that a particular 
species was killed, then removed by the flood -- it may have been 
removed by a tributary flash flood or by a recreationist. 
However, it is assumed in this report that change below the flood 
line is due directly or indirectly to the flood event, not the 
continuation of a vegetative successional trend. Change above 
the high flow shoreline may also be due to a variety of events. 
Contributing factors affecting vegetation include bank saturation 
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Table 7. Summary of the percent area covered by each water zone 
by study site. Zone A=below 14,000 cfs, Zone B=below 43,000 cfs, 
Zone C=below 65,000 cfs, Zone D=below 92,500 cfs, Zone E=above 
92,500 cfs, "-" indicates water line not present in site. (Zone 
B in Nankoweap I is not included as it was displaced by the 
65,000 cfs (Zone C) water line.) Figures in parentheses indicate 
cover between adjacent water flows. 
P E R C E N T A R E A 
study WA T E R Z 0 N E S 
site: A B C D E 
Saddle 4.71 27.79 72.21 
(23.1) 
Nankoweap I 4.80 N/A 93.15 96.15 3.85 
(88.4) (3 . 00) 
Nankoweap II 0.59 69.73 85.87 93.35 5.85 
(69.1) (16.1) (7.5) 
Awatubi 6.60 21.80 62.00 89.85 10.14 
(15.2) (40.2) (27.9) 
Bass 0.32 10.35 20.71 40.13 59.86 
(10.0) (10.4) (19.4) 
Forster 29.05 73.86' 80.13 19.87 
(44.8) (6.27) 
T .... ~ .. .", T ..,.., "71 71.91 82.26 17.74 J....i .... ,,~ • .. I • I .. (44.2) (10.4) 
Lava II 2.14 71.48 88.76 11.24 
(69.3) (17.3) 
Average 3.08 20.10 60.46 74.80 25.1 
(11.8) (39.2) (14.3) 
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Table 8. Summary of frequency (sum of pixels) for each 
identified species by study site for 1984 and 1982. To determine 
actual field measurement in square meters,. divide the frequency 
by 64. 
---------------------------------------------------------------~~ 
PLANT 
CODE SADDLE 
1984 1982 
F R E QUE N C Y 
NANKOWEAP I 
1984 1982 
NANKOWEAP II AWATUBI 
1984 1982 1984 1982 
-----------------~---------------------------------------------~~ 
2 
3" 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
17 
21 
22 
24 
25 
26 
28 
29 
30 
31 
3'2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
14728 
223 
46531 
198 
287 
22269 
22439 
444 
44 
1151 
3250 
738 
208 
405 
8881 
2879 
104 
14107 
42221 
99 
231 
15491 
19694 
835 
1693 
4823 
2159 
92 
552 
7868 
9006 
74 
25 
1196 
79780 
805 
1482 
17088 
13 
11.67 
59 
12628 
96422 
42'05 
2368 
18866 
15 
23 
41 
205 
39 
39 
3630 
8811 
21 
3537 
659 
7 
46 
30 
427 
.395 
8537 
26631 
916 
3729 
553 
143 
1540 
383 
1992 
314 
419 
971 
11 
125 
72 
193 
7246 
12568 
27397 
328 
10 
91 
35 
437 
59 
443 
5739 
7 
1503 
51 
445 
4432 
58 
174 
7851 
28874 
26161 
100 
55 
7141 
873 
871 
18188 
1315 
20 
Table 8. Continued. 
-----------------------------------------------------------------
PLANT 
CODE SADDLE 
1984 1982 
F R E QUE N C Y 
NANKOWEAP I 
1984 1982 
NANKOWEAP II AWATUBI 
1984 1982 1984 1982 
~---~------------------------------------------------------------
49 
50 
51 
52 
53 
54+79 
55 
56 
57+80 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
71 
72 
73 
74 
75 
76 
77 
78 
81 
82 
83 
84 
85 
86 
87 
88 
51 
438 
1617 
132 
99 
274 
12 
82 
10 
140 
359 
36 
37 
27 
40 
109 
754 
144 
146 
225 217243 223123 83176 47463 104078 84483 214988 168963 
ALL: 
1984 
1982 
124901 
119021 
100364 
136077 
31 
7480,2 
94397 
55732 
101757 
Table 8 . Continued. 
---------------------------------------------------------------~ 
F R E QUE N C Y 
PLANT 
CODE BASS FORSTER LAVA I LAVA II 
1984 1982 1984 1982 1984 1982 1984 1982 
----------------------------------------------------------------
2 81 66 
3 
4 95 
5 578 
~ 6 1312 2301 
t· 7 2128 3857 20017 19780 ,i :r 
8 
9 32 46 
10 2916 99554 2879 3153 
11 1811 2443 
13 81 89 194 511 
15 4172 3599 261 30 
17 11072 8706 15574 11311 
21 926 2536 
22 212 
24 15377 34293 28996 42216 178 20537 15282 
25 21 12 
26 1604 2689 
27 118 1662 
28 
1,1 29 61 
i 30 
I I 31 4 li:1 
II 32 289 I 
33 
34 7563 10420 
35 4 
36 
37 170 92 
38 425 815 4 
39 1570 2978 1262 3739 10 3554 
40 
41 5 16 
42 9 174 
43 5002 3 
44 2699 5352 27677 23271 9556 9320 617 12235 
45 663 
46 25 
47 
4·8 214 
49 
32 
Table 8. Continued. 
~~--------------------------------------------------------------
PLANT 
CODE BASS 
1984 1982 
F R E QUE N C Y 
FORSTER 
1984 1982 
LAVA I 
1984 1982 
LAVA II 
1984 1982 
--~-------------------------------------------------------------
50 
51 
52 
53 
54+79 438 
55 
56 
57+80 -
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
71 
72 
73 
74 
75 
76 
77 
78 201 
81 
82 
83 
84 
85 
86 
87 
88 
48 
274 
12 
82 
140 
259 
18 
1636 
III 
201 
367 
371 
188 
279 
16970 
9387 
1569 
8178 
157 
3475 
1735 
17250 
457 
328 
13040 
915 
255 215525 186291 261447 185804 254449 157830 100255 79195 
ALL: 
1984 
1982 
35803 
65037 
61753 
137396 
33 
25779 
122398 
61985 
83045 
transporting water and nutrients to plants of the old high water 
zone which had been isolated from the river regime for 20 years, 
damage by river runners who camped by necessity in previously 
uncamped areas, continuation of vegetative succession, or 
seasonal differences between November and May. 
A summary of percent cover change in the eight study sites by 
water zone (Table 9) shows vegetation response to the 1983 high 
flow. When frequency of vegetative cover for all sites is 
analyzed, there is a 56% decrease below 43,000 cfs (for the seven 
sites with area at this stage), a 54% decrease below 65,000 cfs, 
and a 49% decrease below 92,500 cfs. (Results for Zone A are 
misleading because only half of the sites have area at this 
stage.) Below the flood crest, Lava I showed the greatest 
decrease in percent cover (95%), followed by Forster (71%) and 
Bass (59%). Above the 92,500 cfs flood crest, percent plant 
cover increased 8%. In the area above the flood line, sites 
reflected both gain and loss in percentage cover. six sites 
showed an increase in percent cover change: Lava I increased 64% 
and both Lava II and Saddle increased 13%. Two sites showed a 
decrease, with Bass decreasing 25% and Awatubi decreasing 10%. 
Data from Table 9 suggest that there is greater damage or loss o"f 
plant cover below the flood line with distance downstream from 
Glen Canyon Dam. sites in the upper reaches experienced less 
loss in plant cover than sites in the lower reaches. Lava I 
(Reach V) and Forster (Reach IV) show greater percent change in 
cover than Saddle .and Nankoweap I & II (Reach II). When the 
frequencies of the three major study reaches is summed and 
percent change calculated (Table 9), there is a similar loss of 
plant cover with distance downstream from the dam. Reach II 
shows the least loss (22%), with greater loss shown by Reach IV 
(52%), and greatest loss . shown by Reach V (57%). 
However, site orientation and certain plant species m~y ~ccen­
tuate this observation. In the three sites furthest downstream 
from Glen Canyon Dam (Forster, Lava I & II), 80% or more of the 
site is below the flood line. At the Forster site, 71% of the 
plant cover wa~ lost below the flood peak and a 10-15 foot 
escarpment was carved along the estimated 67 , 000 cfs water level. 
Vegetation and extensive amounts of sand were removed below this 
line. The Forster site is situated on the outside of the river 
bend, a place where more erosion would occur. At Lava I, a maj or 
species impacted was a large, continuous stand of Tessaria 
sericea, which decreased 97% percent in cover. The species 
apparently is unable to withstand the scouring action of 
floodwater as it was sporadic in occurrence prior to construction 
of Glen Canyon Dam (Turner and Karpiscak 1980). The species was 
also removed at Awatubi (97% loss below 92,500 cfs). A steep ten 
foot escarpment at the 70,400 line at Lava I testified to major 
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Table 9. Summary of percent cover change of plants by study 
site, water zone, and by study reach. Note that Zones A through 
D include the cover of the zone below it. Zone A=below 14,000 
cfs, Zone B=below 43,000 cfs, Zone C=below 65,000, Zone D=below 
92,500 cfs, Zone E=above 92,500 cfs. "0" indicates complete loss 
of cover in 1984, "*" indicates no data available. 
STUDY 
SITE 
Saddle 
Nanko-
weap I 
A 
* 
+2361 
W ATE R 
B C 
* 
-30.0 
-28.9 -27.7 
Nanko- 0 -32.8 -27.2 
weap II 
Awatubi -50.3 -57.5 -60.0 
Bass 0 -95.2 -63.0 
Forster * -90.1 -70.8 
Lava I "* 0 -98.5 
Lava II * 0 -36.1 
All sites +24.2 -55.6 -54.2 
35 
Z 0 N E S 
D E ALL REACH 
-8.1 -12.8 +4.9 
-99.3 +0.1 -26.2 
II:-21.5 
-24.5 +2.3 -22.3 
-49.4 -9.7 -45.2 
-58.8 
-71.4 
-24.7 
-44.9} IV:-51.8 
-55.1 +11.3 
-95.2 
-33.8 
-78.9} " 
V:-57.3 
-25.4 
+63.6 
+13.4 
-49.2 +8.4 -37.2 
I 
'-
erosion of the sandy beach. Percent cover change below the flood 
peak at Lava I is substantially greater than at Lava II, located 
one-tenth mile downstream. Plant cover decreased 34% at Lava II 
but no escarpment was produced, perhaps due to a protective 
upstream rocky ridge. In comparison, in the upper part of the 
canyon at the Saddle site, 72% of the site is located above the 
flood line. Minimal damage (8%) was sustained below the flood 
line. A rocky bar located just upstream may have protected the 
lower beach, for only a minor, half food escarpment was visible 
at the 92,500 cfs line. six miles downstream, a large river 
eddy bordering the wide river channel flows along the lengths of 
the Nankoweap sites. Percent cover change below the flood peak 
at Nankoweap I (28%) was similar to that of Lava II, with less 
damage sustained at Nankoweap II (33%). Below the flood peak, 
the greatest average loss is shown in Reach V (72%), with less 
change shown in both Reach IV (68%) and Reach II (30%). 
There are many variables which influence loss of plant cover 
after a major flood. To fully assess impact, one must take into 
account numerous factors, among them the position of the plot, 
the type of plants encountered by the flow, and protection 
afforded by rock bars and ridges, and velocity and direction 
taken by the current. Damage appears to be a function of 
interrelated factors' in the immediate environment, i.e., beach 
position in the river channel, plant colonization, flow dynamics, 
and distance downstream .from Glen Canyon Dam. 
Extensive erosion and subsequent loss of plant habitat is a 
major long-term impact of any flow regime. without substrate 
there is no plant colonization. The post-dam aggraded Colorado 
River bed may have contributed sediments to the 1983 high flows. 
Apparently, the controlled flows from Glen Canyon Dam have not 
been sufficient to transport these sediments, resulting in 
aggradation of the bed and increased sediment storage in the 
:system (Howard and Dolan 1.981). It is probable that these 
sediments were entrained during the 1983 floods and deposited 
upon existing beaches (Brian and Thomas 1984). If this scenario 
is accurate, the degree to which future floods are degrading or 
aggrading to beach profiles will depend upon the extent of river 
bed degradation from the 1983 flood, the amount of tributary 
input of sediments during the years prior to the next flood, and 
the amount of river bed sediments transported and redeposited by 
the specific flow regime. / . 
Indicator Species Cover Per Vegetation Zone 
Cover change of the numerous plant species in the six water 
zones (Table 8) may best be comprehended by focusing upon 
"indicator" species which characterize the riparian flora. _ Four 
post-dam vegetative habitats have been identified along the beach 
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gradient: talus, old high water, beach, and riparian zones 
(carothers and Aitchison 1976). The talus zone is uninfluenced 
by the river regime. The old high water zone marks the pre-dam 
flocd line (ca. 120,000 cfs or 40 feet above the post-dam river 
level). The riparian zone, often referred to as the new high 
water zone, circa 20 feet above the post-dam river level) has 
rapidly proliferated along the river's fluctuating shoreline. 
The beach zone spans the area between the new riparian and old 
high water communities. In the pre-dam era, this dune habitat 
was characterized by short-lived invasion species, but in the 
past ten years perennial grasses, shrubs, and herbs have become 
established (Brian 1982). 
Generally, the three vegetative zones along the Colorado River 
are distinct. The pre-dam scouring floodwater maintained a 
sharply defined limit below the old high water community. As 
succession progressed under the dam controlled releases, there 
has been some displacement of species characteristic of a 
specific zone or community. Old high water line indicator 
species have invaded the beach and riparian zones. 
For comparison, the following indicator species representing the 
dominant (Brown et ale 1979) and co-dominant species of the three 
zones are discussed: 
Old High Water Zone: 
Beach Zone: 
New Riparian Zone: 
Prosopis glandulosa 
Acacia greggii 
Aristida parishii 
Oryzopsis hymenoides 
Sporobolus spp. 
Andropogon glomeratus 
Tamarix chinensis 
Sal ix ex; 01.1a 
Tessaria sericea 
A summary of change for each indicator species is outlined below 
in two categories: below the 1983 high water line and above the 
flood shoreline. Figures are cited in percentage change per 
zone. 
Old High Water Zone 
Prosopis glandulosa (Western Honey Mesquite). This leguminous 
tree species ranges from 6 to 15 m (20 to 50 ft) in height 
(Little 1976). It first appears at RM 38 and is frequent in 
occurrence to RM 72, after which it is discontinuous and sporadic 
until RM 160, below Havasu Canyon. It shares dominance with 
Acacia greggii in the old high water zone, but it has become a 
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minor, yet significant member of the new riparian and beach 
zones. Canopies of mature individuals located in the old high 
water zone remained above the flood waters. Individuals located 
at the post-dam shoreline were submerged to various degrees 
depending upon location and height. Below the 1983 flood line 
this species was removed in one site (Nankoweap II) i decreased i~ 
canopy cover by 19% at Nankoweap Ii and increased in five sites: 
canopy percent cover increased by 233% at Saddle, by 108% at Lava 
I, by 102% at Lava II, and by 40% at Awatubi. Above the 1983 
flood line the species decreased in three sites: by 85% at 
Nankoweap I, 65% at Awatubi, and 4% at Nankoweap II. Cover 
increased at three sites: 38% at Saddle, 26% at Lava I, and 29% 
at Lava II. Overall, this species increased its average percent 
cover by 19% (gain of 28 sq m) below the flood line and also 
increased 19% (gain of 117.5 sq m) above the flood line. The 
figures suggest that Prosopis glandulosa benefitted from the high 
flows. 
Acacia greggii (Catclaw). This leguminous shrub or small tree 
may reach 7 m (23 ft) in height (Little 1976). It first appears 
at RM 38. Below this point, it is a common component of the old 
high water zone but has become frequent in the new riparian and 
beach zones since completion of Glen Canyon Dam. Mature plants 
located in the old high water zone were located above the highest 
flows, while those below were submerged to various degrees 
depending upon location and height. Below the 1983 flood line, 
this species decreased by 31% at Awatubi and increased in two 
sites: 94% at Bass and 10% at Lava II. Above the 1983 flood 
line, it increased at four sites: 24% at Saddle, 314% at Awatubi, 
16% at Bass, and grew into the plot boundary at Lava II. 
Overall, this species decreased its cover by 14% (loss of 0.4 sq 
m) below the flood line and increased by 33% (gain of 20 sq m) 
above the flood line. The figures suggest that Acacia greggii 
benefitted from the high flows. 
Beach Zone 
Percent cover of the perennial grasses which comprise the beach 
zone (Aristida parishii [Three-awn] , Oryzopsis hymenoides [Indian 
Ricegrass], Sporobolus spp. [Drop Seed], and Andropogon glomera-
tus [Bushy Beardgrass]) are combined to show impact of the 1983 
flood. These bunch grasses are present at all eight study sites ' 
and are typically less tha,n 0.5 m (2 ft) in height. Plants 
located below the flood crest were completely submerged. Below 
the 1983 flood line the grasses were completely removed in three 
sites (Forster and Nankoweap I & II) and almost totally decimated 
at four sites: decreasing 83% at Awatubi, 93% at Bass, 98% at 
Lava I, and 95% at Lava II. Cover increased by 16% at Saddle. 
Above the 1983 flood line, the grasses decreased by 56% at Bass, 
and increased at three sites: 37% at Awatubi, 312 % at Lava I, and 
38 
8% at Saddle. The cover was substantially decreased by 89% (loss 
of 718.2 sq m) below the flood line and increased by 19% (gain of 
55.6 sq m) above the flood line. The figures suggest that the 
perennial bunch grasses were removed by the flood waters but 
benefitted above the flood zone, perhaps by root watering. 
Removal of these species is not surprising as the shallow, 
fibrous roots do not securely anchor the plants. 
New Riparian Zone 
Tamarix chinensis (Tamarisk or Saltcedar). This ubiquitous, 
exotic, tree species has become naturalized and is nearly 
continuous along the Colorado River in Grand Canyon, a condition 
believed to postdate Glen Canyon Dam (Turner and' Karpiscak 1980) • 
Prior to 1963, the species occurred as isolated plants. Tamarix 
chinensis is a prolific seed producer during April to October, 
yielding up to 17 viable seeds per square centimeter (Warren and 
Turner 1975). Fluctuating post-dam flows maintained saturated 
soils necessary for germination and seedling establishment. 
Mature plants range from 3 t~ 4.5 m (10 to 15 ft) or more in 
height (Little 1976). Plants were submerged or inundated by the 
flood crest. Below the 1983 flood line, this species was removed 
in one site (Lava I) ; reduced in three sites: 55% at Bass, 32% at 
Forster, and ~% at Nankoweap I; and increased in four sites: 3% 
at Awatubi, 14.5% at Nankoweap II, and 38% at Saddle. Above the 
1983 flood line the species decreased by 40% at Nankoweap I and 
5% at Nankoweap II; showed almost no change (0. 1%) at Saddle; and 
increased cover at three sites: 19% at Awatubi, 31% at Forster, 
and 33% at Lava II. Overall, the species decreased 10% (loss of 
294.1 sq m) below the flood line and increased slightly (0.1% or 
0.5 sq m) above the flood line. The figure suggest that Tamarix 
chinensis was impacted below the 1983 flood line. 
Salix exigua (Coyote Willow). This -common, native, riparian, 
small tree or shrub spreads mainly by asexual, clonal stem 
growth rather than by seed. It is restricted to moist substrate 
near river level or in seep areas above the shoreline. Salix 
exigua is one of the common shrubs along the Colorado River, 
though its occurrence is restricted to where sand bars are 
infrequent, as in the Granite, Middle Granite, and Muav Gorges. 
The flexible stems, ranging from 2 to 4.5 m (6 to 15 ft) in 
height (Little 1976), may have allowed the plants to bend when 
submerged by the flood waters. Below the 1983 flood line, the 
species cover was reduced in four sites: by 5% in Nankoweap II, 
by 37% in Nankoweap I, by 56% in Awatubi, and by 69% in Forster. 
Above the 1983 flood line, the species was present only in the 
1984 Forster site where cover increased by 2.25 sq m. It appears 
that a root mass was shifted upwards by the flood and the new 
growth was displaced above the flood line. Overall, the average 
cover of Salix exigua was reduced by 51% (loss of 299 sq m) below 
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the flood line and made one unique shift above the flood line. 
Due to the clonal nature of the species, future growth can be 
expected as growth accelerates after disturbance. Salix exigua 
cover was halved by the 1983 flood waters in the four study site-; 
where it was present. 
Tessaria sericea (Arrowweed). This common, native, riparian 
shrub also grows by clonal stem growth, but is more often found 
on drier sites along the Colorado River. The species is frequent 
in distribution and mature stands typically contain numerous dead 
stems. The inflexible woody stems, ranging from 2 to 3 m (6 to 
10 ft) in height (Little 1976), were probably submerged by the 
flood waters. Below the 1983 flood line, this species was almost 
completely removed from one site: 97% at Lava I, and was reduced 
in four sites: 67% at Nankoweap II, 20% at Nankoweap I, 11% at 
Lava II, and 10% at Saddle. Above the 1983 flood line, it was 
reduced by 82% at Lava I and increased at three sites: 48% at 
Nankoweap I, 60% at Saddle, and 582% at Lava II. Overall, the 
percent canopy was halved (54% or loss of 2,116.4 sq m) below the 
flood line and increas~d 50% (gain of 133 sq m) above the flood 
line. The figures suggest that Tessaria sericea was damaged 
below the flood line and benefitted above the flood line; perhaps 
by root watering. The species was unable to withstand the 
scouring action of the 1983 flood waters, however damage may not 
be substantial due to the vegetative, clonal growth of the 
species. Regrowth may take a decade (or more) but the species 
will ramify open, sandy areas where stands still remain. 
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OPERATING CRITERIA 
Five alternative flow scenarios have been proposed for future 
Glen Canyon Dam release operations. These are briefly stated 
below: 
No.1: Monthly based flow release (no daily fluctua-
tions). 
No.2: Maximized powerplant releases (existing 
conditions with variations by day, season, and month) . 
No.3: Maximized powerplant with set releases (minimum 
set at 8,000 cfs and maximum set at 25,000 cfs). 
No.4: Base loaded powerplant releases (during 
recreation season, May to September) and maximized 
power plant releases (during october to April) . 
No.5: Maximized fishery flows and altered powerplant 
releases (1, 000 to 31, 500 cfs from April to October and 
6, 000 cfs minimum and 10, 000 cfs maxi~um from November 
to March) . 
To meet legal and treaty requirements, total release from Glen 
Canyon Dam must equal 8.23 million acre-feet per year. Typical-
ly, summer and fall releases are high peaking months with winter 
and spring releases somewhat less. Daily water release is 
determined by power-generation needs, water-supply needs, and 
water availability. The later is determined by unpredictable, 
regional weather. Within this framework, all five alternative 
flow regime ~cenarios operate below a maximum of 31,500 cfs (an 
amount which can be released through the powerplant without 
spilling or bypassing) with a minimum base flow of at least 1, 000 
,....;:,.. 
"" .... .,J. 
The 31,500 cfs maximum release is the highest contemporary 
discharge under normal circumstances. As historic maximum 
sustained flow has been below 31, 500 cfs, new high water riparian 
vegetation has colonized the banks of the river below this stage. 
Some vegetative inundation occurs with maximum releases, but 
direct, injurious impact is negligible when maximum flows are 
short-term. Established plants would probably remain intact and 
new plants would become established upon higher ground. However, 
if maximum flows are maintained for long periods of time, some 
plants will be eliminated due to their inability to withstand 
long-term inundation. 
Vegetation may be jeopardized if steep beach faces are produced 
by flow regimes which rapidly undercut fine-grained terrace 
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deposits. Accelerated loss of sediment in the riverine system is 
to be avoided as plants are necessarily dependent upon alluvial 
terraces for their existence. In turn, saprophytes , herbivores, 
carnivores , parasites, and scavengers are directly and indirectly 
dependent upon the plant community. 
Prior to the 1963 completion of Glen Canyon Dam, the Colorado 
River carried flows of 700 cfs to an excess of 100,000 cfs 
during spring floods. Floods greater than 200,000 cfs have 
occurred. Since 1963, Glen Canyon Dam has briefly released high 
flows of 55,700 cfs (1965), 49,000 cfs (1980), and 93,200 cfs 
(1983). Low flows (ca. 800 cfs) ' have also occurred when drought 
restricted inflow into Lake Powell. To address the high and low 
flow issue, two additional flow regimes have been identified: 
No.6: Routing regime if greater than 31,500 cfs had 
to be bypassed during high water years. 
No.7: Routing regime if water release had to be 
restricted during low water years. 
High water runoff years are pa~t of the historic cycle of the 
Colorado River. Pre-dam ten-year recurrence interval floods of 
123,000 cfs were typical. Since 1963, this ten-year recurrence 
,interval flood has been maintained at 30,000 to 40,000 cfs below 
the Little Colorado 'River confluence (Dolan et ale 1974). Lack 
of extreme high flows may have had adverse impact to the old high 
water zone. Prior to the 1983 flood event, little reproduction 
was observed and it was commonly hypothesized that this zone was . 
senescent (Turner and Karpiscak 1980). This study found that 
percent cover change increased 8% above the 92,500 cfs shoreline 
from 1982 to 1984. This growth increase is shown principally by 
old high water zone plants. It is hypothesized that this growth 
resulted from flood root watering, not the product of two years 
rlor:nal gro~~h. To mairltain the vigor of the old high ~'later zone I 
it may be prudent to allow brief releases of 90,000 cfs during 
high-water years. 
Restricted flows during low-water years would have negligible 
impact on riparian plants. Where fluvial deposits are thick and 
ground water is shallow, plants such as Tessaria sericea and 
Baccharis sarothroides will be successful. Where ground water is 
deeper, xerophytic bunch grasses will have an advantage (Turner 
and Karpiscak 1980). The lowering of the ground table with 
subsequent shifts in plant colonization will ultimately depend 
upon the duration of low flows. It is likely that low flows will 
be of short duration and little shift in vegetative community 
will be realized. 
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All five alternative flow regime scenarios do not directly 
impact the present plant communities above the 31,500 cfs stage. 
However, indirect effects to the 'riparian vegetation may include 
increased rates of beach sediment erosion and restrict growth of 
the senescent old high water community. Periodic submergence of 
the post-dam shoreline creates favorable conditions -for seed 
germination and establishment for all riparian species. 
Deposition of silty soils from tributary runoff creates ideal 
conditions for Tamarix chinensis seedlings. High-water releases 
at 10-20 year intervals would provide water and nutrients to the 
old high water community. Low-water releases will limit growth 
but is not likely to cause community shifts. 
Time of year, amount of release, duration, and periodicity of 
future flows are variables which will dictate the degree of 
impact upon the plants of the Colorado River corridor through 
Grand Canyon. The new high water riparian community is resilient 
and new individuals will become established along the wetted 
perimeter of the river channel and colonization of the beach zone 
will continue. High flows in 10-20 year intervals, will probably 
have similar results to that of tne 1983 summer, flood event. 
Impact of fall, winter, or $pring high-water releases and/or 
frequent short- or long-term flows at 40,000 to 80,000 cfs is 
conjecture, but similar results are likely. 
The vegetative community along the Colorado River is composed of 
a mosaic of several seral communities from the pre-dam old high 
water zone to the dense jungle of the new riparian zone. Pr"ior 
to 1963, the riparian community responded to unpredictable, 
regional weather. Since 1963, the community has been influenced 
by power-generation and downstream water needs. High flows will 
preserve the old high water community, thin growth of beach and 
riparian plants, and redeposit entrained sediments upon the 
terraces. Controlled minimum-maximum releases will create 
conditions favorable to establishment of new high water and beach 
plants. Low water releases of short duration during drought 
years would have negligible impact. 
Future flow regimes and dam operations will continue to dictate 
the nature of the plant communities downstream from Glen Canyon 
Dam. The Glen Canyon Environmental Studies will provide managers 
with information on the relationship between flow regimes and the 
environment of Grand Canyon. Informed stewardship is the first 
step toward maintaining the ecosystem for perpetuity. 
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CONCLUSIONS 
Visitors to the Colorado River corridor in Grand Canyon during 
the summer of 1983 witnessed an event which had not occurred in 
over 20 years. For 70 days, flood waters exceeding 90,000 cfs 
submerged beaches, carved new flood plain profiles, and carried 
sediment, driftwood, and vegetation downstream. From another 
point of view, the flood waters from Glen Canyon Dam met a unique 
riparian community which had grown unmolested for two decades. A 
dense jungle of phreatophyte trees and shrubs lined the river 
channel; perennial shrubs, grasses, and herbs carpeted the 
'beaches; and microphyllous short-trees waited in abeyance upon 
the highest flood plain terraces. A historical flood had 
repeated an age-old cycle with a new crowd of contestants vying 
for survival. 
This aerial photographic comparison summarizes vegetation 
response to the 1983 flood event from November 1982 to May 1984. 
Nine months had elapsed since the flood and plant growth had 
either.succumbed, recovered, or been initiated. The eight study 
plots differed in placement (size and shape), plant composition 
(number, kind, and groupings), and degree of submergence by the 
flows. Impact of the 1983 flood event to vegetation appears to 
be determined by site orientation, physical flood plain dynamics, 
and distance downstream from Glen Canyon Dam. Colonization by 
the heterogeneous assemblage of riparian species, adapted to 
periodic riverine scouring and submergence, was dissimilar from 
site to site. Aerial photographic comparisons of 1983 high flow 
impacts to vegetation are summarized below: 
1. Percent change in total plant cover for all plots was 
reduced 56% below 43,000 cfs (for the seven sites with area 
below this stage), reduced 54% below 65,000 cfs, reduced 49% 
below 92,500 cfs, and increased 8% above 92,500 cfs. 
2. The two, dominant, old high water zone tree species bene-
fitted from the high flows as indicated by an increase of 18% 
below the flood shoreline and 33% above the flood shoreline. 
3 . Beach zone perennial bunch grasses were substantially 
reduced by 89% below the flood shoreline and increased by 19% 
above the flood shoreline. 
4. The three, dominant, riparian zone tree species decreased by 
37% below the flood shoreline and increased 20% above the flood 
shoreline. 
5. There will likely be little lag time for recolonization due 
to the clonal nature of the new riparian zone species and ready 
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availability of numerous seed sources from scattered presence of 
rooted survivors. 
6. All five alternative flow regime scenarios do not directly 
impact the three riparian plant communities above the 31,500 cfs 
stage. Controlled minimum-maximum flows will create favorable 
conditions for establishment of new high water and beach 
communities. Indirect effects may include increased rates of 
beach sediment erosion and restricted growth or demise of the old 
high water community. 
7. High water releases at 10-20 year intervals may provide 
water and nutrients to the old high water community, thin growth 
of beach and riparian plants, and redeposit entrained river bed 
sediments. Low water releases of short duration would have 
negligible impact to plant communities. 
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Appendix I. List of data files on magnetic tape. 
Alphabetized key to the data files: A,B,C,D = parts of 
digitized data filei AW = Awatubii BAS = Bassi .DAT = 
Digitized data filei F = Fillin filei FOR = Forsteri I = Image 
filei LAVAl = Lava Ii LAVA2 = Lava IIi NAN = Nankoweapi NANDO 
= Nankoweap, downstream plot or Nankoweap IIi NANUP = 
Nankoweap, upstream plot of Nankoweap Ii .PIC = Image file; 
P,O,Pl,P2,P3 = Density points of digitized data filei S = 
Stretch filei SAD = Saddlei W = Water lines and zoneSi 
"il,i2"= Version numbersi 82 = 1982i and 84 = 1984. Data is 
stored on a 9 track magnetic tape, with 1600 bits per inch, 
and using the Fortran language. The "BRU" utility program 
should be used to retrieve the data. 
FOR82I.PICil 
BAS82I.PICil 
SAD84I.PICil 
SAD82B.DATil 
NANUP84P.DATil 
LAVA184.DATil 
NANUP82F.PICi2 
LAVA182F.PICil 
.NANUPWI.PICil 
LAVA2WFS.PICil 
LAVA182P.DATil 
LAVA182I.PICil 
LAVA284S.PICil 
FOR82F.PICil 
LAVA284I.PICil 
BAS82P.DATil 
AW84A.DATil 
SAD82S.PICil 
FORWI.PICil 
BASWI.PICil 
FOR84.DATil 
NANDOW.DATi1 
NAND082A.DATi1 
NAND084F.PICi1 
NAND082F.PICi1 
NAND082.DATi1 
LAVA184S.PICi1 
AW82S.PICil 
BAS84.DATi3 
LAVA2W.DAT i1 
AW82P.DATi1 
LAVA282P.DATi1 
AW82P3.DATi1 LAVA184P.DATi1 
NAND084P.DATil LAVA284C.DATi1 
SAD82F.PICi1 NANUP82P.DATil 
LAVAIWF.PICil SAD82I.PICil 
FOR84I.PICil SAD82P.DATil 
NANUPWF.PICi1 NAND082P.DATil 
LAVA182B.DATi1 NANDOWI.PICil 
LAVA182.DATil NANUP82S.PICil 
SAD84.DATi1 LAVA2WF.PICi1 
SADWF.PIC;l LAVA1WI.PICi1 
NANUP84I.PICi1 SAD84S.PICil 
SAD8 4"B. DAT i 1 BASWF. PIC i 1 
BAS82F.PICil LAVA2WI.PICil 
LAVA282I.PICi1 BAS82.DATil 
BAS82A.DATil SAD84F.PICil 
LAVA282F.PICil NANUP82I.PICil 
FOR82A.DATil LAVA284F.PICil 
AW84P.DATil SAW.DATil 
SAD82A.DATil FOR82S.PICil 
FOR82P.DATil AW84F.PICil 
AW82C.DATi1 AW82RI.PICil 
NANUP84.DATi1 FOR84A.DATil 
LAVA282S.PICil NANUPWI.PICi2 
AW84S.PICil . SADWI.PICil 
FOR84S.PICi1 NAND084.DATil 
LAVA182.PICi1 LAVA282S.PIC 
NANUP82A.DATi1 NAND084S.PICil 
NAND082C.DATi1 NANUPWFS.PICil 
BAS84F.PICil BAS84S.PICil 
AW82B.DATil AW82A.DATi1 
SAD82P3.DATi1 LAVA284B.DATi1 
LAVA284A.DATi1 LAVA2W.DATil 
TOTAL OF 45426/47426 BLOCKS IN 127 FILES 
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AW82P4.DATil 
NANDOWF.PICil 
NAND082I.PICil 
AW82F.PICil 
AWWF.PICil 
AW84I.PICil 
SAD820.DATil 
LAVA184.PICil 
AWWI.PICil 
SAD84A~DATil 
FORWF.PICi1 
LAVA184I.PICil 
SAD84P.DATil 
FOR84F.PICil 
NAND084I.PICil 
FOR82.DATil 
BASW.DATi1 
FOR82B.DATil 
NANUP84F.PICil 
LAVA182A.DATil 
BAS82S.PICil 
NANUPW.DATil 
"FOR84P.DATil 
NANUP84S.PICi1 
NAND082S.PICi1 
NANUP84A.DATil 
NANUP82.DATil 
BAS84I.PICil 
AW84W.DATi1 
AW82P1.DATil 
LAVA282A.DATil 
APpendix II. Nos. 1-7. 1982 final vegetation maps from the 
Museum of Northern Arizona final report (Johnson et ale 1983). 
This numerical list is followed by reduced copies of the map. 
See Table 2 for a key to the plant species. 
Appendix II-l. Map of perennial plants on the Saddle Beach 
study plot, November 1982. All unlabeled plants are Tessaria 
sericea. 
Appendix 1I-2. Map of perennial plants on the Nankoweap Beach 
study plot, November 1982. A=Nankoweap I, upstream plot, 
B=Nankoweap II, downstream plot. 
Appendix 1I-3. Map of perennial plants on the Awatubi Beach 
study plot, November 1982. All unlabeled plants in the 
subplots nearest · to and farthest from the river are Orysopsis 
hymenoides. All unlabeled plants in the middle two subplots 
are Gutierrezia sarothrae. 
Appendix 1I-4. Map of· perennial plants on the Bass Beach 
study plot, November 1982. All unlabeled plants on the 
downstream section are Encelia farinosa and in the upstream 
section are Sporobolus spp. 
A P P e·n d i x I I - 5 . Map 0 f per e nn i alp 1 ant son the For s t e r Be a c h 
study plot, November 1982. The area at the far right center 
is composed of about 50% Or~o£~i~ hymenoide~ and 50% 
Sporobolus flexuosus. The area at the right upper corder is 
composed of about 75% ~ flexuosus and 25% Sphaeralcea 
grossulariaefolia with a few scattered Haplopappus acradenius. 
The large section in the top center is mostly 9~ ~menoides 
with scattered Sporobolus giganteus. Plants in these areas 
could not be identified due to lack of landmarks. 
Appendix 1I-6. Map of perennial plants on the Upper Lava 
study plot, November 1982. All unlabeled plants are 
Sporobolus spp. 
Appendix 1I-7. Map of perennial plants on the Lower Lava 
study plot, November 1982. All unlabeled plants are 
Sporobolus spp. 
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Appendix III. Nos. 1-8. Summary of percent area of the plot and 
frequency (sum of pixels) for plant species and open area for 
1982 and 1984 by study site. "_" indicates no cover or frequency. 
As each pixel is equivalent to 1/8 square meter, divide by 64 to 
determine the area in square meters covered by the plant. See 
Table 2 for a key to the species identification number. 
SPECIES 
SADDLE: 
3 
7 
10 
11 
15 
17 
24 
28 
33 
38 
39 
40 
41 
43 
44 
46 
47 
48 
·50 
61 
ALL 
255 
PERCENT AREA 
1982 
4.123 
12.340 
0.029 
0.068 
4.528 
5.756 
0.244 
0.495 
1.410 
0.631 
0.027 
0.161 
2.300 
2.632 
0.022 
0.007 
0.015 
34.787 
65.213 
NANKOWEAP I: 
3 0.636 
0.032 
6.880 
52.535 
2.291 
1.290 
10.279 
0.008 
0.013 
0.022 
0.112 
0.021 
4 
5 
10 
17 
21 
24 
35 
38 
39 
40 
43 
PERCENT AREA 
1984 
4.305 
0.065 
13.600 
0.058 
0.084 
6.509 
6.558 
0.130 
0.013 
0.336 
0.950 
0.216 
0.061 
0.118 
2.596 
0.841 
0.030 
0.036 
36.505 
63.495 
0.652 
43.467 
0.439 
0.807 
9.310 
0.007 
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FREQUENCY FREQUENCY 
1982 1984 
14107 
42221 
99 
231 
15491 
19694 
835 
1693 
4823 
2159 
92 
552 
7868 
9006 
74 
25 
51 
119021 
1167 
59 
12628 
96422 
4205 
2368 
18866 
15 
23 
41 
205 
39 
14728 
223 
46531 
198 
287 
22269 
22439 
444 
44 
1151 
3250 
738 
208 
405 
8881 
2879 
104 
122 
124901 
1196 
79780 
805 
1482 
17088 
13 
------------------~----------------------------------- ----------
SPECIES PERCENT AREA PERCENT AREA FREQUENCY FREQUENCY 
1982 1984 1982 1984 
----------------------------------------------------------------
NANKOWEAP I ( CONTINUED) : 
45 0.021 39 
ALL 74.14 54.682 136077 100364 
255 25.860 45.318 47463 83176 
NANKO~-lEAP II: 
3 0.239 427 
4 0.221 395 
5 4.772 2.029 8537 3630 
10 14.888 4.926 26631 8811 
17 0.596 1067 988 916 
21 2.085 1.977 3729 3537 
24 26.983 31.975 50785 57196 
28 0.309 0.368 553 659 
38 O.OSO 143 
40 0.S61 0.004 1316 7 
43 0.214 383 
44 1.114 1992 
45 0.176 0.026 54 46 
46 0.234 419 
ALL 52.771 41.817 96566 ·74984 
255 47.229 58.183 82314 103896 
AWATUBI: 
3 0.555 0.359 1503 971 
7 0.019 51 
8 0.164 0.004 445 11 
10 1.637 0.046 4432 125 
11 0.021 0.027 58 72 
15 0.064 0.071 174 193 
17 2.900 2.677 7851 7246 
21 · 10.666 4.642 28874 12568 
24 9.663 10.120 26161 27397 
25 0.037 0.121 100 328 
27 0.054 145 
30 0.020 55 
31 0.004 10 
33 0.034 91 
36 0.013 35 
38 2.638 0.161 7141 437 
39 0.322 0.022 873 59 
40 0.322 0.164 871 443 
43 6.718 2.120 18188 5739 
44 0.486 0.003 1315 7 
47 0.007 20 
51 0.597 1617 
58 
----------------------------------------------------------------
SPECIES PERCENT AREA PERCENT AREA FREQUENCY FREQUENCY 
1982 1984 1982 1984 
----------------------------------------------------------------
AWATUBI (CONTINUED): 
52 0.049 132 
53 0.037 99 
73 0.133 359 
81 0.013 36 
82 0.014 37 
83 0.010 27 
84 0.015 40 
85 0.040 109 
86 0.279 754 
87 0.053 144 
88 0.054 146 
ALL 37.588 20.587 101757 55732 
255 62.412 79.413 168963 214988 
BASS: 
2 0.026 0.032 66 81 
6 0.916 0.522 2301 1312 
9 0.018 0.013 46 32 
11 0.972 0.721 2443 1811 
15 1.432 1.660 3599 4172 
22 0.084 212 
24 '13.645 6.118 34293 15377 
27 0 .. 661 0·.04 T 1662 118 
31 0.002 4 
34 4.146 3.009 10420 7563 
"38 0.324 0.169 815 425 
39 1.185 0.625 2978 1570 
44 2.129 1.074 5352 2699 
46 O~010 25 
52 0.019 48 
54 0.109 0.174 274 438 
55 0.005 12 
56 0.033 82 
57 0.004 10 
58 0.056 140 
78 0.103 0.080 259 201 
ALL 25.877 14.246 65037 35803 
255 74.123 85.754 186291 215525 
FORSTER: 
4 0.029 95 
5 0.179 578 
21 0.785 0.287 2536 926 
24 13.062 8.972 42216 28996 
37 0.053 170 
38 0.001 4 
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----------------------------------------------------------------
SPECIES PERCENT AREA PERCENT AREA FREQUENCY FREQUENCY 
1982 1984 1982 1984 
--------------------------------------------------------~-------
FORSTER ( CONTI NUED) : 
39 1.157 0.390 3739 1262 
43 1.548 5002 
44/70 7.200 8.563 23271 27677 
59 0.006 18 
61 0.086 279 
62 5.251 16970 
63 2.904 0.506 9387 1636 
64 0.485 1569 
65 2.530 8178 
66 0.049 157 
67 1.075 3475 
68 0.537 0.034 1735 111 
69 5.337 17250 
71 0.141 457 
72 0.101 328 
74 0.062 201 
75 0.114 367 
76 0.115 371 
7'7 0.058 188 
ALL 42.511 19.107 137396 61753 
255 57.489 .80.893 185804 26144-:-
LAVA I: 
7 1.376 0.759 3857 2128 
10 35.526 1.041 99554 2916 
·13 0.032 0.029 89 81 
17 3.107 3.951 8706 11072 
24 0.064 178 
25 0.004 0.007 12 21 
II , 
'z .. 0.006 0.002 16 5 
43 0.001 ..., ~ 
44 3.326 3.410 9320 9556 
45 0.237 663 
ALL 43.678 9.199 122398 25779 
255 56.322 90.801 157830 254449 
LAVA II: 
7 12.192 12.338 19780 2001-; 
10 1.943 1.775 3153 2879 
13 0.315 0.120 511 194 
15 0.018 00161 30 261 
17 6.972 9.599 11311 15574 
24 9.419 12.655 15282 20531 
26 1.657 0.989 2689 1604 
29 0.038 61 
32 0.178 289 
35 0.002 4 
60 
~----------------------------------------------------- ----------
SPECIES PERCENT AREA 
1982 
LAVA II 
37 
39 
42 
44 
48 
60 
72 
ALL 
255 
( CUNTINUED ) : 
0.057 
2.191 
0.107 
7.541 
0.132 
8.037 
0.564 
51.187 
48.813 
PERCENT AREA FREQUENCY FREQUENCY 
1984 1982 ' 1984 
0.006 
0.006 
0.380 
38.206 
61.794 
61 
92 
3554 
174 
12235 
214 
13040 
915 
83045 
79195 
10 
9 
617 
61985 
100255 
Appendix IV. Summary of frequency (sum of pixels) covered by 
individual plant species within each water·line zone for 1982 and 
1984 by study site. See Table 2 for a key to the plant species 
identification number. "_" indicates no area covered by the zone 
designation. Zone A=below 13,900 cfs, Zone B=below 43,000 cfs, 
Zone C=be1ow 65,000 cfs, Zone D=be1ow 92,500, Zone E=above 92,500 
cfs. To determine the actual field measurement of a species in 
square meters, divide the frequency by 64. 
----------------------------------------------------~-----------
SPECIES ZONE C ZONE 0 ZONE E 
1982 1984 1982 1984 1982 1984 
----------------------------------------------------------------
SADDLE: 
3 
7 
10 
11 
15 
17 
24 
28 
33 
38 
39 
40 
41 
43 
44 
46 
47 
48 
50 
61 
ALL 
255 
13789 
1203 
70 
15062 
1062 
223 
7856 
2446 
. 16 
10543 
5581 
576 
30075 
448 
7232 
4 
16 
149 
1829 
1496 
2816 
74 
51 
44766 
50325 
62 
383 
223 
27111 
1491 
9995 
44 
2 
46 
108 
1730 
21 
41154 
53937 
13531 
12146 
99 
231 
15043 
12462 
831 
1677 
4674 
330 
92 
552 
6372 
6190 
25 
74255 
172798 
14345 
19420 
198 
287 
20778 
12444 
444 
1151 
3248 
692 
100 
405 
7151 
2858 
104 
122 
83747 
163306 
----------------------------------------------------------------
SPECIES ZONE A ZONE C ZONE 0 
1982 1984 1982 1984 1982 1984 
ZONE E 
1982 1984 
----------------------------------------------------------------
NANKOWEAP I: 
2 
4 
5 37 
10 51 
17 
21 
24 
35 
38 
39 
40 
43 
45 
ALL 88 
255 8725 
1167 
59 
12152 
2166 88380 
2497 
2368 
16799 
23 
41 
39 
1167 
59 
475 12628 
69797 92468 
3061 
1482 2368 
16060 17164 
23 
41 
10 
39 
1196 
73935 
634 
1482 
16060 
3954 
1144 
1702 
15 
195 
39 
2166 123525 87814 129028 93307 7049 
6647 47453 83164 47454 83175 9 
5845 
171 
1028 
13 
7057 
1 
SPECIES ZONE B ZONE C ZONE 0 
1982 1984 1982 1984 1982 1984 
ZONE E 
1982 1984 
NANKOWEAP II: 
3 188 
4 244 
5 3964 
10 21385 
17 72 
21 3729 
24* 32290 
28 
38 
40 
43 
44 
45 
46 
68 
379 
130 
1949 
427 
244 
520 8284 
5070 26047 
72 
3331 3729 
34327 41047 
130 
143 
379 
130 
1992 
291 
427 
395 
3010 8470 
8267 26631 
72 
3537 3729 
45567 44170 
553 
143 
1309 
383 
1992 
8 
419 
3349 
8811 
3537 
50581 
659 
281 
916 
6615 
7 
46 
ALL# 64398 
255" 60341 
43248 82915 
81491 72118 
60381 88701 66937 7865 
94652 79708 101472 2606 
*Zone A: Species 24: 1982=73, 1984=None 
#Zone A: All: 1982=73, 1984=0 
"Zone A: 255: 1982=985, 1984=1058 
63 
255 
883 
6277 
10 
41 
7466 
3005 
--------------------------------------------------------------~ 
SPECIES ZONE A ZONE B ZONE C 
1982 1984 1982 1984 1982 1984 
---------------------------------------------------------------~ 
AWATUBI: 
3 25 
7 51 
8 104 
10 187 4005 
17 54 2529 2803 
21 1842 375 18570 6373 28874 . 12568 
24 459 872 7649 6210 11804 12049 
25 5 
27 8 145 
33 71 
38 5913 
39 873 
40 8 
43 2258 9995 22 
44 264 1185 7 
47 20 
51 322 1574 
52 90 
53 99 
73 210 359 359 
82 37 
83 27 
84 40 40 
85 109 109 
86 754 
88 146 
ALL 2511 1247 29766 12637 68763 27528 
255 15369 . 16633 29277 46406 99101 140336 
64 
~-~-------------------------------------------------------------
SPECIES ZONE 0 ZONE E 
1982 1984 1982 1984 
---------------~------------------------------------------------
AWATUBI (Continued) : 
3 728 66 775 905 
7 51 
8 445 11 
10 4386 82 46 43 
11 58 72 
15 153 106 21 87 
17 4271 5982 3580 - 1264 
21 28874 12568 
24 22943 23571 3218 3826 
25 57 262 43 66 
27 145 
30 55 
31 10 
33 91 
36 35 
38 6775 33 366 404 
39 873 59 
40 265 62 606 381 
43 16461 3280 1727 2459 
44 1245 7 70 
47 20 
51 1617-
52 90 42 
53 99 
73 359 
81 36 
82 37 
83 27 
84 40 
85 109 
86 754 
87 107 37 
88 146 
ALL 91168 46166 10589 9566 
255 152098 197100 16865 17888 
65 
--------------------------------------------------------------~~ 
SPECIES ZONE A ZONE B ZONE C 
1982 1984 1982 1984 1982 1984 
-----~-----------~-----------------------------------------~----
BASS: 
15 3 17 
22 212 212 
24 75 16281 813 30067 11575 
27 87 
31 4 
34 9 121 3 
37 - . 
39 322 738 
44 7 35 
46 4 
ALL 75 0 16834 813 31281 11582 
255 729 770 9188 24786 20787 40138 
~--------~---~-----~-----------~--------------------------------
SPECIES ZONE 0 ZONE E 
1982 1984 1982 1984 
------------------------------------------------------------~---
2 66 81 
6 386 40 1915 1272 
9 31 46 1 
11 197 116 2246 1695 
15 17 33 3582 4139 
22 212 
24 34293 15377 
27 "502 5 1160 113 
31 4 
34 1079 ')~~ 9341 7298 .. ...,..,; 
38 815 425 
39 1438 1540 1570 
44 324 63 5028 2636 
46 25 
52 34 14 
54 438 
55 29 12 
56 53 
58 116 24 
78 259 201 
79 274 
80 10 
ALL 38652 15934 26385 19869 
255 62229 84818 124062 130707 
66 
---
~~~~---------------------~-----------------------------------
SPECIES ZONE B ZONE C ZONE D ZONE E 
1982 1984 1982 1984 1982 1984 1982 1984 
. -
,~ 
-
~----------------------------------------------------~---------
FORSTER: 
4 96 95 95 
5 578 578 578 
21 188 29 2536 782 2536 782 144 
24 5662 2699 41482 27871 41482 28033 734 963 
37 43 78 92 
38 4 4 
39 37 2574 71 2837 71 902 1191 
43 265 3068 4116 886 
44/70 4751 13505 16237 389 7034 27288 
59 .. ' ··18 . 
61 14 74 74 205 
62 16970 16970 16970 
63 9387 1636 9387 1636 9387 1636 
64 1569 1569 
65 4351 8178 8178 
66 92 157 157 
67 3385 3475 3475 
68 271 · 1735 III 1735 III 
69 17250 
71 457 457 
72 328 328 
74 201 
75 367 
76 371 371 
77 189 188 188 
ALL 46047 4553 106215 31030 110293 31581 27103 30172 
255 47858 89352 132499 207684 148685 227397 37119 34050 
67 
----------------------------------------------------------------
SPECIES ZONE B ZONE C ZONE 0 ZONE E 
1982 1984 1982 1984 1982 1984 1982 1984 
-----------------------------------------------------------------
LAVA I : 
7 1706 2673 129 3857 2053 75 
10 53391 97864 1418 98627 2753 927 163 
13 89 81 
17 137 137 285 8569 10787 
24 178 178 
25 12 21 
41 16 5 
43 3 -. 
44 1 4989 7037 139 2283 9417 
45 663 
ALL 55098 105841 1547 109839 5230 12559 20549 
255 22548 77646 95669 199963 120682 225291 37148 29158 
-------~------~-------------------------~-----------------------
SPECIES ZONE B ZONE C ZONE 0 ZONE E 
1982 1984 1982 1984 1982 1984 1982 1984 
~--~-------------------------~------------~----------------------
LAVA II: 
7 144 14120 15170 15749 17296 4031 2721 
10 3021 2684 3142 2804 11 75 
13 142 431 176 80 18 
15 30 33 228 
17 745 893 1364 2752 9947 12822 
24 13566 19194 14604 19629 678 902 
26 4 2689 1061 2689 1604 
29 6 61 
32 289 289 
35 4 
37 45 53 39 
39 3285 3554 10 
42 143 9 174 9 
44 10068 296 ''1'1'''~ C, .., .... ww..J..- U.L. , 
48 163 214 
60 13040 13040 
72 915 915 
ALL 148 61948 39596 68259 45219 14786 16766 
255 3321 3469 54019 76366 75750 98790 3445 1465 
68 








